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(54) Method for controlling power of image display light emission device, image display light 
emission device, display device, and television reception device

(57) In a method of controlling power of a light emit-
ting device for image display that irradiates illumination
light from divided regions, light emission brightness data
of each light emitting element of the light emitting device
is determined based on image data for image display
(S20). Power in each region and total light emission pow-
er are computed based on the light emission brightness
data of each light emitting element for each region (S40).
If the computed total light emission power exceeds pre-
determined allowable power, the power in each region
is limited so that the total light emission power is equal
to or less than the predetermined allowable power (S50).



EP 2 328 139 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a power control method of light emitting device for image display, a light emitting
device for image display, a display device and a television receiver, and more particularly relates to a control method of
limiting power of the light emitting device for image display.

BACKGROUND ART

[0002] Power control (brightness control) of a backlight device including a CCFL (cold cathode fluorescent tube) that
is used as a lighting device of a liquid crystal display device such as a liquid crystal television is executed based on APL
values (average picture brightness level).
[0003] In recent years, there has been known a backlight device including a plurality of LEDs (light emitting diodes).
There has been also known a region control backlight device including lighting means that divides illumination light from
the LED backlight device into a plurality of regions and irradiates it (for example, refer to Patent Document 1). Such a
region control backlight device controls the illumination light for each divided region.

[Patent Document 1] Japanese Unexamined Patent Publication No. 2005-258403

(Problem to be Solved by the Invention)

[0004] However, in the power control of the region control backlight device, there may be no relative relation between
the backlight device power and the APL value in some method of determining the region brightness. That is, the actual
backlight power may not be equal to the power obtained by the power control based on the APL value. Therefore, in
some cases, the power control, especially, the power limit control of the region control backlight device may not be
executed appropriately based on the APL values. For example, the brightness of each region is determined by the
maximum brightness value in the display pattern to obtain a peak brightness of the display image. In such a case, if the
display image is formed by the repetition of the rectangular patterns having high brightness only in the middle portion,
the backlight power increases compared to the power control based on the APL value. Therefore, in such a case, the
limit control of the backlight power cannot be executed by the determination based on the APL value.
[0005] For power saving and prevention of heat generation, a predetermined allowable value (limit value) is normally
set for power consumption of the backlight device. The power limit control is executed to use the backlight device with
power consumption within a predetermined allowable range. However, a backlight device (a light emitting device for
image display) is desired to provide illumination that enables sharp image display having peak brightness even if the
power limit control is executed.

DISCLOSURE OF THE PRESENT INVENTION

[0006] The present invention was made in view of the foregoing circumstances. An object of the present invention is
to provide a power control method of a lighting device for image display and a lighting device for image display that
executes power limit control properly and enables image display having peak brightness within a predetermined allowable
power range. Another object of the present invention is to provide a display device including such a lighting function and
a television receiver including such a display device.

(Means for Solving the Problem)

[0007] To solve the above problem, in a light emitting device for image display that irradiates light from a plurality of
divided regions and includes a plurality of light emitting units having at least one light emitting element, a method of
controlling power of the light emitting device according to the present invention includes a light emission brightness data
determination step for determining light emission brightness data of each light emitting element based on image data
for image display and a light emitting element control step for executing a plurality of light emitting element control
processes relating to each light emitting element based on the light emission brightness data. The light emitting element
control step includes a power computation process step for computing power in each region and total light emission
power based on light emission brightness data of each light emitting element in each region and a power limit process
step for limiting the power in each region if the computed total light emission power exceeds predetermined allowable
power so that the total light emission power is equal to the predetermined allowable power or less.
[0008] According to the present invention, a light emitting device for image display irradiating light from divided regions,
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the light emitting device includes a plurality of light emitting units each corresponding to each of the regions and having
at least one light emitting element, a region driving circuit configured to determine light emission brightness data of each
light emitting element based on image data for image display, and a light emitting element control circuit configured to
execute light emission control processes relating to each light emitting element based on the light emission brightness
data. The light emitting element control circuit includes a power computation circuit configured to execute a power
computation process for computing power in each region and total light emission power based on the light emission
brightness data of each light emitting element for each region and a power limiter circuit configured to execute a power
limit process if the computed total light emission power exceeds predetermined allowable power, the power limit process
limiting power in each region so that the total light emission power is equal to the predetermined allowable power or less.
[0009] According to the method and the configuration of the device, the light emission power is computed for each
region and the total light emission power is computed based on the total of the light emission power for each region. If
the computed total light emission power exceeds the predetermined allowable power, the power in each region is limited
so that the total light emission power is equal to or less than the predetermined allowable power. Therefore, if the light
emission power is controlled for each region, the power limit control is properly executed. Further, since the light emission
brightness data for each region that is power for each region is determined based on image data corresponding to each
region, power is determined for each region within the predetermined allowable power range. This enables image display
having peak brightness within the predetermined allowable power range. It is noted that the word of "for image display"
is referred to include that the light emitting device displays an image and that the light emitting device makes other device
to display an image.
[0010] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the power limit process may be configured to compute a limit ratio that is a percentage of the allowable
power in the total light emission power and limit power in each region by multiplying the power in each region by the
limit ratio.
According to such a configuration, the total light emission power of the light emitting device is preferably controlled to
be within the predetermined allowable power.
[0011] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, each of the light emitting units may include a plurality of light emitting elements emitting light of different
colors, and in the power computation process, a power amount of each light emission color may be computed and the
total light emission power is computed based on total of the power amounts of each light emission color, and in the
power limit process, the light emission power of each light emission color may be multiplied by the same limit ratio to
limit the power in each region.
[0012] According to such a configuration, if each light emitting unit (each region) includes a plurality of light emitting
elements emitting light of different colors, power of the light emitting device is limited without changing color tone.
[0013] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the power computation process and the power limit process may be executed at a final stage in the light
emission control processes of the light emitting element control process.
[0014] According to such a configuration, if light emission control processes relating to each light emitting element
such as white balance adjustment and a temperature correction process are executed based on the light emission
brightness data, the power limit process is executed after the light emission control processes. Therefore, compared to
the case in that the power limit control is executed before the light emission control processes, the power limit process
is less likely to be influenced by the light emission control processes. Thus, the power limit process is executed at the
final stage in the light emission control process. Therefore, even if the light emission brightness data is corrected before
the power limit process, the desired power limit operation is executed based on the corrected light emission brightness
data.
[0015] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the light emission brightness data of each light emitting element may be determined based on a maximum
value of image data of an object to be illuminated corresponding to the region.
[0016] According to such a configuration, since the light emission brightness data of each light emitting element is
determined based on the maximum value of the image data, the power control is executed on the condition that is severer
than the actual state, that is, on the condition that the total light emission power easily exceeds the predetermined
allowable power. Therefore, it is preferable in the case that power saving in the lighting device is strongly desired.
[0017] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the light emission brightness data may include PWM generation data that controls the light emission
brightness of the light emitting element by a PWM signal, and each power may be computed as a PWM value based
on the PWM generation data in the power computation process and the power limit process, and the PWM signal having
the PWM value that is limited by the power limit process is generated.
[0018] When the light emission from each light emitting element is controlled by a PWM signal, the power consumption
of the light emitting element is relative (substantially proportional) to the PWM value (duty ratio) of the PWM signal. That
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is, light emission time of each light emitting element changes according to increase or decrease of the PWM value (duty
ratio), and this increases or decreases the power consumption of each light emitting element. Therefore, according to
such a configuration, computation relating to the power limit process is appropriately executed with using the PWM
generation data that is digital data for generating the PWM signal. Therefore, it is not required to detect analog data
such as a current.
[0019] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the light emitting device may be a backlight device that illuminates an object to be illuminated from its
rear side to display an image.
[0020] Such a configuration provides a backlight device in which the power limit control is appropriately executed in
the region control and that enables image display having peak brightness on an object to be illuminated.
[0021] In the method of controlling power of a light emitting device for image display or the light emitting device for
image display, the object to be illuminated may be a liquid crystal display device.
According to such a configuration, an image having peak brightness is displayed on the liquid crystal display device in
a predetermined allowable power range of a backlight device.
[0022] A display device of the present invention controls brightness of a lighting device in a predetermined allowable
power range and includes a display panel including a plurality of display elements, and the lighting device is configured
to irradiate light from divided regions to illuminate the display panel from a rear side. The display device includes the
lighting device including a plurality of light emitting units each corresponding to each region and having at least one light
emitting element, and a display control section configured to control the display panel and the lighting device. The display
control section includes a region driving circuit configured to determine the light emission brightness data of each light
emitting element based on the image data on the display panel and a light emitting element control circuit configured to
execute a plurality of light emission control processes relating to each light emitting element. The light emitting element
control circuit includes a power computation circuit configured to execute a power computation process for computing
power in each region and total light emission power based on the light emission brightness data of each light emitting
element in each region and a power limiter circuit configured to execute a power limit process for limiting power in each
region so that the total light emission power is equal to the predetermined allowable power or less if the computed total
light emission power exceeds the predetermined allowable power.
According to such a configuration, an image having peak brightness is displayed on the display device in a predetermined
allowable power range of the lighting device.
[0023] In the display device of the present invention, the power limiter circuit may compute a limit ratio that is a
percentage of the allowable power in the total light emission power and multiply the power in each region by the limit
ratio to limit the power in each region.
[0024] In the display device of the present invention, each light emitting unit may include a plurality of light emitting
elements emitting light of different colors, and the power computation circuit may compute a power amount of each light
emission color and compute the total light emission power based on total of the power amounts of each light emission
color, and the power limiter circuit may multiply the light emission power of each light emission color by the same limit
ratio to limit the power in each region.
[0025] In the display device of the present invention, the power computation process and the power limit process may
be executed at a final stage in the light emission control processes by the light emitting element control circuit.
[0026] In the display device of the present invention, the region driving circuit may determine the light emission bright-
ness data of each light emitting element based on a maximum value of image data on the display panel corresponding
to the region.
[0027] In the display device of the present invention, the light emitting element may be controlled to have certain light
emission brightness by a PWM signal, and the light emission brightness data may include PWM generation data for
generating the PWM signal, and the power computation process and the power limit process may be executed based
on a PWM value based on the PWM generation data. The light emitting element control circuit may further include a
PWM signal generation circuit configured to generate a PWM signal having the PWM value that is limited by the power
limit process.
[0028] In the display device of the present invention, the display panel may be a liquid crystal panel. The display device
as a liquid crystal display device has a variety of applications, such as a television display or a personal-computer display.
Particularly, it is suitable for a large screen display.
[0029] A television receiver of the present invention includes the above-described display device.
Such a television receiver provides a television image having peak brightness in a predetermined allowable power range
of the backlight device.

(Advantageous Effect of the Invention)

[0030] According to the power control method of a lighting device for image display and the lighting device for image
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display of the present invention, the power limit control is properly executed in region control and image display having
peak brightness is enabled within a predetermined allowable power range. According to the display device of the present
invention, display images having peak brightness is obtained without increasing power consumption. According to the
television receiver of the present invention, television images having peak brightness is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

[FIG. 1] is an exploded perspective view illustrating a general construction of a television receiver according to an
embodiment of the present invention;
[FIG. 2] is an exploded perspective view illustrating a general construction of a liquid crystal panel and a backlight
device;
[FIG. 3] is a block diagram illustrating a general electrical configuration of a liquid crystal display device;
[FIG. 4] is a circuit diagram explaining an electrical configuration of an LED panel;
[FIG. 5] is an explanation view illustrating predetermined allowable power of the LED panel;
[FIG. 6] is a flowchart illustrating a general flow of each process relating to power control of a backlight device;
[FIG. 7] is an explanation view illustrating power in each region of the LED panel before the power control process;
[FIG. 8] is an explanation view illustrating power in each region of the LED panel after the power control process; and
[FIG. 9] is a circuit diagram illustrating another electrical configuration of the LED panel.

Explanation of Symbols

[0032] 10: Liquid crystal display device (Object to be illuminated, Display device), 11: Liquid crystal panel (Display
panel), 12: Backlight device (Illumination device, Light emitting device for image display), 12a: Irradiating surface, 12b:
LED panel, 16: LED section, 20: Light emitting unit, 31: Region driving circuit, 40: LED controller (Light emitting element
control circuit), 41: Adjustment circuit, 42: Power computation circuit, 43: Power limiter circuit, 44: PWM signal generation
circuit, DR, DG, DB: light emitting diode (Light emitting element), TV: Television receiver

BEST MODE FOR CARRYING OUT THE INVENTION

[0033] One embodiment of the present invention will be explained with reference to FIGS. 1 to 8. In the present
embodiment, a television receiver TV including a liquid crystal display device 10 will be explained. Each of an X-axis, a
Y-axis and a Z-axis is illustrated to have a common direction in each drawing.

1. Structure of Television Receiver

[0034] As illustrated in FIG. 1, the television receiver TV of the present embodiment includes the liquid crystal display
device 10 (an example of a display device), front and rear cabinets Ca, Cb that house the liquid crystal display device
10 therebetween, a power source P and a tuner T. The liquid crystal display device 10 is supported by a stand S such
that a display surface 11a is parallel to a vertical direction (Y-axis direction). The display device of the present invention
may be applied to the liquid crystal display device for color display and also to the liquid crystal display device for black
and white display. The display device is not limited to a liquid crystal display device but may be any devices that have
a lighting device and control brightness of the lighting device within a predetermined allowable power range.

2. Construction of Liquid Crystal Display Device

[0035] An overall shape of the liquid crystal display device 10 is a landscape rectangular. As illustrated in FIG. 2, it
includes a liquid crystal panel 11 as a display panel, and a backlight device 12 (lighting device and a light emitting device
for image display) . They are integrally held by a bezel and the like. The liquid crystal display device 10 further includes
a display control section 30 (refer to FIG. 3).
[0036] Next, the liquid crystal panel (LDC panel) 11 and the backlight device 12 will be explained. The liquid crystal
panel 11 is formed in a rectangular shape with a plan view and constructed such that a pair of glass substrates is bonded
together with a predetermined gap therebetween and liquid crystal is sealed between the glass substrates.
[0037] On one of the glass substrates, switching components (e.g., TFTs (thin film transistors)) connected to source
lines and gate lines that are perpendicular to each other, pixel electrodes connected to the switching components, and
an alignment film are provided. On the other substrate, a color filter having color sections such as R (red), G (green)
and B (blue) color sections arranged in a predetermined pattern, common electrodes, and an alignment film are provided.
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[0038] With such a construction, for example, color pixels of 192 * 1080 dots for high vision are formed in the liquid
crystal panel 11. Further, an LCD driver and an LCD controller are provided in the liquid crystal panel 11 to control the
switching element of each pixel.
[0039] As illustrated in FIG. 2, the backlight device 12 irradiates and illuminates a rear side of the liquid crystal panel
11 with light from divided regions. The backlight device 12 includes a LED panel 12b and an optical member 15. The
optical member 15 is configured by a diffuser plates 15a, 15b and optical sheets 15c.
[0040] The LED panel 12b includes a plurality of light emitting units 20 each of which corresponds to each region, and
each light emitting unit 20 includes an LED section 16. Each LED section 16 includes an R (red) light emitting diode DR,
a G (green) light emitting diode DG and a B (blue) light emitting diode DB (refer to FIG. 4). An irradiating surface 12a of
the backlight device 12 is divided into a plurality of regions by the light emitting units 20. According to the present
embodiment, the light emitting units 20 configure the divided regions of the backlight device 12. As illustrated in FIG. 2,
for example, the irradiating surface 12a is divided into 20 * 40 (800) regions. The number of light emitting units 20 and
the number of divided regions in the irradiating surface 12a is arbitrarily set.
[0041] The liquid crystal display device 10 further includes a display control section 30 as illustrated in FIG. 3. The
display control section 30 includes a region driving circuit 31 and an LED controller (light emitting element control circuit)
40.
[0042] The region driving circuit 31 receives an image signal (image data) from the tuner T, for example, and determines
light emitting brightness data (hereinafter referred to as LED data) of each light emitting diode based on the image signal.
The region driving circuit 31 supplies the LED data to the LED controller 40 as a 12-bit digital signal. In the present
embodiment, each light emitting diode is controlled by a PWM (pulse-width modulation) signal. Therefore, the LED data
includes data relating to a PWM value (duty ratio) of the PWM signal. That is, the LED data includes PWM generation
data (for example, 12-bit digital data) for generating the PWM signal. Further, the region driving circuit 31 generates
LCD data that represents light transmittance data of each pixel in the LCD panel 11 based on the image signal and
supplies the LCD data to the LCD panel 11.
[0043] The LED controller 40 includes an adjustment circuit 41, a power computation circuit 42, a power limiter circuit
43 and a PWM signal generation circuit 44. The adjustment circuit 41 receives LED data from the region driving circuit
31 and makes adjustments on the LED data such as white balance adjustment, temperature correction and the like.
[0044] The power computation circuit 42 computes light emission power in each region based on the adjusted LED
data and executes a power computation process for computing total light emission power based on a total of light
emission power in each region.
[0045] If the total light emission power that is computed by the power computation circuit 42 exceeds the predetermined
allowable power, the power limiter circuit 43 executes a power limit process that limits power in each region so that the
total light emission power is equal to or less than the predetermined allowable power.
[0046] As described above, each light emitting diode is controlled by the PWM signal supplied from the LED controller
40, and the consumption power of each light emitting diode is substantially proportional to the PWM value (duty ratio)
of the PWM signal. Therefore, in the present embodiment, power is computed as a PWM value (%) based on PWM
generation data in the power computation process and the power limit process.
[0047] The PWM signal generation circuit 44 generates a PWM signal having a PWM value that is limited by the power
limit process and supplies the PWM signal to an LED driver 21 of the LED panel 12b.
[0048] Further, the LED controller 40 generates a driver control signal CNT that controls the LED driver 21 provided
in the LED panel 12b, and supplies the driver control signal CNT to the LED driver 21.
[0049] In the present embodiment, for example, the LED driver 21 is provided for each light emitting unit 20 as illustrated
in FIG. 4. As illustrated in FIG. 4, each LED driver 21 includes switching elements SW and current control transistors Tr
each corresponding to each light emitting diode of the light emitting unit 20. Each switching element SW is controlled
by a PWM signal supplied from the LED controller 40. Each current control transistor Tr is controlled by a CNT signal
supplied from the LED controller 40. The current control transistor Tr is not limited to a bipolar transistor but may be a
FET (field-effect transistor) for example.
[0050] In FIG. 4, each light emitting unit 20 includes a red light emitting diode DR1, a green light emitting diode DG1
and a blue light emitting diode DB1 as light emitting diodes. According to such a configuration, in each of the R light
emitting diode, the G light emitting diode and the B light emitting diode included in the light emitting unit 20, the power
consumption is separately controlled by the corresponding separate PWM signal.
[0051] The configuration of the light emitting diode included in the light emitting unit (divided region) 20 is not limited
to the one illustrated in FIG. 4. For example, the light emitting unit may include only white light emitting diodes, or may
include six light emitting diodes including two for each of the colors R (reed), G (green) and B (blue). The light emitting
unit may have any configuration as long as each light emitting diode included in the light emitting unit 20 is configured
so that the power consumption is controlled separately by a corresponding independent PWM signal.
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3. Power Limit Control of Backlight Device

[0052] Next, a power limit control method of the backlight device 12 will be explained with reference to FIGS. 5 to 8.
FIG. 5 is an explanation view of an irradiating surface 12a illustrating examples of predetermined limit power (allowable
power). FIG. 6 is a flowchart illustrating a general flow of each process relating to power limit control. Each process is
executed by the region driving circuit 31 and the LED controller 40 of the display control section 30 in the present
embodiment. FIG. 7 is an explanation view illustrating the irradiating surface 12a before execution of the power limit
control of the present embodiment. FIG. 8 is an explanation view illustrating the irradiating surface 12a after execution
of the power limit control.
[0053] In FIGS. 5, 7 and 8, for simple explanation, the irradiating surface 12a of the backlight device 12 is divided into
24 regions from a region A1 to a region A24. A method of dividing the irradiating surface 12a, for example, the plane
shape of the divided region is not limited to the one illustrated in FIGS. 5, 7 and 8. For example, an area and a shape
of each divided region may be different from each other. The irradiating surface 12a may be divided into a plurality of
regions in any methods or forms as long as power of each light emitting element in each divided region is controlled
independently from each other.
[0054] For example, as illustrated in FIG. 5, the allowable power (limit power) is set such that the power of the backlight
device 12 is limited to be 50% of the possible supply power when the LCD panel 11 displays white on the entire display
screen. In such a case, power of each region, that is power of each light emitting diode is limited to be 50% of the
maximum power. In other words, the PWM value (duty ratio) of each light emitting diode is limited to be 50%. In the
following, for simple explanation, each light emitting diode is controlled to have a same PWM value (%).
[0055] In the process of power limit control, at step S10 in FIG. 6, image data that is to be displayed by the liquid
crystal display device 10 is input to the region driving circuit 31 of the display control section 30. Next, at step S20, the
region driving circuit 31 determines a PWM value (%) that is LED data (light emitting brightness data) of each region
(A1 to A24) based on the image data. Examples of the determined PWM values of each region (A1 to A24) are illustrated
in FIG. 7. In FIG. 7, the determined PWM values include three kinds of PWM values of "0%", "50%" and "100%".
[0056] In the present embodiment, the PWM value of each region is determined based on the maximum value included
in the image data corresponding to each region. Normally, pixels exist in the range of the LCD panel 11 corresponding
to each region. Therefore, in the present embodiment, the PWM value of each region is determined based on the
maximum value in a plurality of pixel data (brightness data).
[0057] The method of determining the PWM value in each region is not limited to the one explained above. For example,
the PWM value in each region may be determined as follows. First, an average value of a predetermined number of
pixel data corresponding to each region is computed and the PWM value in each region may be determined based on
a maximum value of the average values. Or, the PWM value in each region may be determined based on an average
value of all pixel data corresponding to each region. The PWM value in each region is determined every frame cycle of
an image. The determination cycle of the PWM value is not limited to the frame cycle. For example, the determination
cycle may be every five frames of an image or may be every thirty frames of an image. If the display image is a static
image, the PWM value is determined only when the display image is changed.
[0058] Next, at step S30 in FIG. 6, the adjustment circuit 41 of the LED controller 40 receives the LED data (PWM
generation data)from the region driving circuit 31 and makes adjustment on the LED data such as white balance adjust-
ment and temperature correction.
[0059] Next, at step S40 in FIG. 6, the power computation circuit 42 of the LED controller 40 computes light emission
power in each region based on the adjusted LED data (PWM generation data). Then, the power computation circuit 42
executes a power computation process to compute power of the backlight device 12. As described above, the PWM
value (duty ratio) is proportional to the power. Therefore, the power computation process is executed with using the
PWM value (%). For example, in case illustrated in FIG. 7, the total light emission power is 1600 (%) and the average
value in each region is 66. 7 %. In case illustrated in FIG. 5, the allowable power is 1200 (%) and the average value in
each region is 50%. Therefore, in case illustrated in FIG. 7, the total light emission power exceeds the allowable power.
[0060] At step S50 in FIG. 6, if the total light emission power computed by the power computation circuit 42 exceeds
predetermined allowable power, the power limiter circuit 43 of the LED controller 40 executes a power limit process to
limit power in each region so that the total light emission power is equal to the predetermined allowable power.
[0061] In the power limit process, the power limiter circuit 43 computes a limit ratio α that is a percentage of prede-
termined allowable power in the total light emission power. In the present embodiment, the limit ratio α is 0.75 that is
obtained by 1200/1600 (50/66.7) . The power in each region is multiplied by the limit ratio α to limit the power in each
region. The power values (PWM values) in each region that are thus limited are illustrated in FIG. 8. The total light
emission power in case in FIG. 8 is almost 1200 (%) that is equal to the predetermined allowable power.
[0062] In such a case, as illustrated in FIG. 8, the PWM value is limited from 50 (%) to 37.5 (%) and from 100 (%) to
75.0 (%). However, the difference between the PWM values in each of the regions is maintained. Therefore, in the
present embodiment, the total light emission power is set within the predetermined allowable power range (1200 (%)).
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Also, in such a case, the power is limited for each region corresponding to the image data in each region. This enables
the liquid crystal display device 10 to provide image display having peak brightness within a predetermined allowable
power range.
[0063] In the above case, since it is supposed that the power of each of the R, G and B light emitting diodes of each
region (light emitting unit) is equal to each other, the calculation method based on the power in every region is explained.
The power computation method in the present embodiment is described by formulas relating to each of the colors R, G
and B as follows. 

[0064] In the present embodiment, when computing the total light emission power, the power computation circuit 42
computes the power amount of each light emission color based on the total of light emission power of each light emission
color in each region (formulas 1 to 3), and computes the total light emission power based on the total of the power
amount of each light emission color (formula 4). The power limiter circuit 43 limits power in each region by multiplying
the light emission power of each light emission color by the same limit ratio α (formula 5). In the formula 6, the total light
emission power is multiplied by the limit ratio α in computing the total limited light emission power. If the limit ratio α for
each light emitting diode is same, the computation formula for computing the total limited light emission power is same
as the formula 6 when the light emission power of each light emitting color is multiplied by the same limit ratio α to
compute the limit power in each region for each color and the total limited light emission power is obtained. It is not
always required that the light emission power of each light emission color is multiplied by the same limit ratio α. A different
limit ratio α may be set for light emission power of each light emission color if necessary.
[0065] Thus, in the present embodiment, the power computation process of step S40 and the power limit process of
step S50 are executed at the final stage in the light emission control processes executed by the LED controller 40.
Therefore, if light emission control processes relating to each light emitting element such as white balance adjustment
and a temperature correction process are executed based on the light emission brightness data, the power limit process
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is executed after the light emission control processes. Therefore, compared to the case in that the power limit control is
executed before the light emission control processes, the power limit process is less likely to be influenced by the light
emission control processes. Thus, the power limit process is executed at the final stage in the light emission control
process. Therefore, even if the PWM generation data is corrected before the power limit process, the desired power
limit operation is executed based on the corrected PWM generation data.
The PWM value to which the power limit operation is executed is not required to be corrected to generate a PWM signal.
[0066] Next, at step S60, the PWM signal generation circuit 44 generates a PWM signal having a PWM value (duty
ratio) that is limited by the power limit process illustrated in FIG. 8 and supplies the PWM signal to the LED driver (21-(1)
to 21-(4)). Each LED driver 21 controls with PWM each switching element (SWR, SWG, SWB) according to the PWM
signal (PWMR, PWMG, PWMB) corresponding to each color and emits light from the corresponding light emitting diode
of each color (DR, DG, DB) . In the configuration illustrated in FIG. 4, when each switching element is off and power
from the DC power source VCC is supplied to each switching element, light is emitted from each light emitting diode. In
the configuration illustrated in FIG. 4, when generating an actual PWM signal, the PWM signal generation circuit 44
generates a PWM signal having an inverse value of the PWM value (duty ratio) illustrated in FIG. 8. For example, if the
PWM value illustrated in FIG. 8 is 37.48 %, the PWM signal generation circuit 44 generates a PWM signal having the
PWM value of 62.52 %. Instead, without generating a PWM signal having an inverse value of the PWM value, a switching
element that is turned off when a PWM signal is at a logical high level is used as the switching element.

4. Advantages of the Embodiment

[0067] According to the present embodiment, if the total light emission power computed for each region exceeds the
predetermined allowable power, the power in each region is limited so that the total light emission power is within the
predetermined allowable power range. Therefore, in a case that the light emission power is controlled for each region,
the power limit control is appropriately executed for any kinds of display images. The light emission brightness data for
each region that is the power in each region is determined based on the image data corresponding to each region.
Therefore, power can be set and limited for each region within the predetermined allowable power range. Therefore,
image display having peak brightness is enabled within the predetermined allowable power range.
[0068] The LED controller 44 executes the power limit process at the final stage. Therefore, even if the PWM generation
data is corrected in the process prior to the power limit process, desired power limit operation is executed based on the
corrected PWM generation data.
[0069] Since the light emission brightness data for each region (each light emitting element) is determined based on
the maximum value of the image data corresponding to each region, the power control is executed on the condition that
is severer than the actual state, that is, on the condition that the total light emission power easily exceeds the predetermined
allowable power. Therefore, it is preferable in the case that power saving in the lighting device is strongly desired.

<Other Modifications>

[0070] The embodiments of the present invention have been described, however, the present invention is not limited
to the above embodiments explained in the above description and the drawings. The following embodiments may be
included in the technical scope of the present invention, for example.
[0071]

(1) In the above embodiment, the configuration of the LED drivers 21 and the light emitting diodes (light emitting
units 20) is not limited to the one illustrated in FIG. 4. For example, as illustrated in FIG. 9, one LED driver 21 may
drive the light emitting diodes that are connected to each other with cascade connection. In the example illustrated
in FIG. 9, one LED driver 21 (R1) drives four red light emitting diodes (DR1 to DR4) that are connected to each
other with cascade connection, and one LED driver 21 (G1) drives four green light emitting diodes (DG1 to DG4),
and one LED driver 21 (B1) drives four blue light emitting diodes (DB1 to DB4). In such a case, the number of LED
drivers 21 is reduced. The maximum one of the PWM values of the light emitting diodes that are connected to each
other with cascade connection is determined to be the PWM value of each light emitting diode that is used for the
power computation. If a PWM value of each of the red light emitting diodes DR1 to DR4 based on the image data
is 20%, 50%, 60% and 10% respectively, the PWM value of each of the red light emitting diodes (DR1 to DR4) used
for the power computation is set to 60%.

[0072]

(2) In the above embodiment, the backlight device (lighting device, light emitting device for image display) 12 does
not include the region driving circuit 31 and the LED controller 40 and they are included in the display control section
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30 of the liquid crystal display device 10. However, the backlight device as an independent device may include the
region driving circuit 31 and the LED controller 40. Also, in the liquid crystal display device 10, the backlight device
12 may include the LED controller 40.

[0073]

(3) In the above embodiment, in computing the total light emission power, the total power (the power amount) of
the light emitting diodes of each color is computed (refer to formula 1 to formula 4). The computation method is not
limited thereto. For example, the total light emission power may be computed based on the total of power in each
region. The total light emission power is computed in any methods as long as it is obtained based on the light
emission brightness data (PWM generation data) of each light emitting element of each region.

[0074]

(4) In the above embodiment, the power in each region is multiplied by the same limit ratio α (refer to formula 5) so
that the power in each region is controlled to be within the predetermined allowable power range. However, the limit
ratio α may be different for each region. Further, the power limit operation for each region may not be necessarily
executed based on the limit ratio α. The power limit operation for each region may be executed in any methods as
long as the total light emission power is within the predetermined allowable power range. For example, the power
limit operation may be executed in different methods for each region based on the image data of each region.

[0075]

(5) In the above embodiment, the predetermined allowable value of the power of the backlight device 12 is constant.
However, the predetermined allowable value may be variable. For example, the predetermined allowable value may
be determined in relation to a lowest value in the RBG power amounts (refer to formula 1 to formula 3).

[0076] Specifically, in obtaining the limit ratio α, the limit ratio (Rα, Gα, Bα) of each power amount of red, blue and
green is obtained according to the following formulas (formula 5-1 to 5-3) . 

A lowest value is selected from the limit ratios Rα, G α, Bα as the limit ratio α that is to be used to obtain the total limited
light emission power (refer to formula 6). The predetermined allowable values of red, green and blue may be equal to
each other. The predetermined allowable value may be set to be different for each color of red, blue and green, and the
lowest value is selected from the limit ratios Rα, Gα, Bα as the limit ratio α. The lowest value is selected from the limit
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ratios R α, Gα, Bα as the limit ratio α that is to be used to obtain the total restriction light emission power. Therefore,
even if the power amount is different for each color of red, blue green, the power amount is surely limited to be the
predetermined allowable value or lower for each color and the total limited light emission power is limited to be the
allowable power or less.
[0077] If power is supplied to the irradiating surface 12a of the backlight device 12 from a plurality of power sources,
each power source may have a different predetermined allowable value and execute power limit control for each power
source.
[0078] The predetermined allowable value may be varied according to the configuration of the LED driver 21 that is
used. According to the LED driving method of the LED driver 21, the determination method of the PWM value of the
light emitting diode in the power computation may be changed as described in another embodiment (1). Another em-
bodiment (5) deals with such a case.
[0079] (6) In the above embodiment, the backlight device as the light emitting device for image display of the present
invention is applied to the LED backlight device, however, it is not limited thereto. The light emitting element is not limited
to the light emitting diode and may be another light emitting element such as an EL element.
[0080] (7) In the above embodiment, the light emitting device for image display of the present invention is applied to
the backlight device 12 of the liquid crystal display device 10, however, it is not limited thereto. For example, the light
emitting device for image display of the present invention can be applied to an LED type Aurora Vision (registered
trademark).

Claims

1. A method of controlling power of a light emitting device for image display irradiating light from a plurality of divided
regions, the light emitting device including a plurality of light emitting units having at least one light emitting element,
the method comprising:

a light emission brightness data determination step for determining light emission brightness data of each light
emitting element based on image data for image display; and
a light emitting element control step for executing a plurality of light emitting element control processes relating
to each light emitting element based on the light emission brightness data, wherein the light emitting element
control step includes:

a power computation process step for computing power in each region and total light emission power based
on light emission brightness data of each light emitting element in each region; and
a power limit process step for limiting the power in each region if the computed total light emission power
exceeds predetermined allowable power so that the total light emission power is equal to the predetermined
allowable power or less.

2. The method according to claim 1, wherein the power limit process step includes computing a limit ratio that is a
percentage of the allowable power in the total light emission power and limiting power in each region by multiplying
the power in each region by the limit ratio.

3. The method according to claim 2, wherein:

each of the light emitting units includes a plurality of light emitting elements emitting light of different colors;
the power computation process step includes computing a power amount of each light emission color and
computing the total light emission power based on total of the power amounts of each light emission color; and
the power limit process step includes multiplying the light emission power of each light emission color by the
same limit ratio to limit the power in each region.

4. The method according to any one of claims 1 to 3, wherein the power computation process step and the power limit
process step are executed at a final stage in the light emission control processes of the light emitting element control
process step.

5. The method according to any one of claims 1 to 4, wherein the light emission brightness data determination step
determines the light emission brightness data of each light emitting element based on a maximum value of image
data of an object to be illuminated corresponding to the region.
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6. The method according to any one of claims 1 to 5, wherein:

the light emission brightness data includes PWM generation data that controls the light emission brightness of
the light emitting element by a PWM signal;
each power is computed as a PWM value based on the PWM generation data in the power computation process
step and the power limit process step; and
the light emitting element control step further includes a PWM signal generation step for generating the PWM
signal having the PWM value that is limited by the power limit process step.

7. The method according to any one of claims 1 to 6, wherein the light emitting device is a backlight device that
illuminates an object to be illuminated from its rear side to display an image.

8. The method according to claim 7, wherein the object to be illuminated is a liquid crystal display device.

9. A light emitting device for image display irradiating light from divided regions, the light emitting device comprising:

a plurality of light emitting units each corresponding to each of the regions and having at least one light emitting
element;
a region driving circuit configured to determine light emission brightness data of each light emitting element
based on image data for image display; and
a light emitting element control circuit configured to execute light emission control processes relating to each
light emitting element based on the light emission brightness data, wherein the light emitting element control
circuit includes:

a power computation circuit configured to execute a power computation process for computing power in
each region and total light emission power based on the light emission brightness data of each light emitting
element for each region; and
a power limiter circuit configured to execute a power limit process if the computed total light emission power
exceeds predetermined allowable power, the power limit process limiting power in each region so that the
total light emission power is equal to the predetermined allowable power or less.

10. The light emitting device according to claim 9, wherein the power limiter circuit computes a limit ratio that is a
percentage of the allowable power in the total light emission power and multiplies the power in each region by the
limit ratio to limit the power in each region.

11. The light emitting device according to claim 10, wherein:

each light emitting unit includes a plurality of light emitting elements emitting light of different colors;
the power computation circuit computes a power amount of each light emission color and computes the total
light emission power based on total of the power amounts of each light emission color; and
the power limiter circuit multiplies the light emission power of each light emission color by the same limit ratio
to limit the power in each region.

12. The light emitting device according to any one of claims 9 to 11, wherein the power computation process and the
power limit process are executed at a final stage in the light emission control processes by the light emitting element
control circuit.

13. The light emitting device according to any one of claims 9 to 12, wherein the region driving circuit determines the
light emission brightness data of each light emitting element based on a maximum value of image data of the object
to be illuminated corresponding to the region.

14. The light emitting device according to any one of claims 9 to 13, wherein:

the light emitting element is controlled to have certain light emission brightness by a PWM signal;
the light emission brightness data includes PWM generation data for generating the PWM signal; and
the power computation process and the power limit process are executed based on a PWM value based on the
PWM generation data, wherein the light emitting element control circuit further includes a PWM signal generation
circuit configured to generate a PWM signal having the PWM value that is limited by the power limit process.
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15. The light emitting device according to any one of claims 9 to 14, wherein the light emitting device is a backlight
device that illuminates an object to be illuminated from its rear side to display an image.

16. The light emitting device according to claim 15, wherein the object to be illuminated is a liquid crystal display device.

17. A display device controlling brightness of a lighting device in a predetermined allowable power range, the display
device comprising:

a display panel including a plurality of display elements;
a lighting device configured to irradiate light from divided regions to illuminate the display panel from a rear
side, the lighting device including a plurality of light emitting units each corresponding to each region and having
at least one light emitting element; and
a display control section configured to control the display panel and the lighting device, wherein:

the display control section includes:

a region driving circuit configured to determine the light emission brightness data of each light emitting
element based on the image data on the display panel; and
a light emitting element control circuit configured to execute a plurality of light emission control processes
relating to each light emitting element, and

the light emitting element control circuit includes:

a power computation circuit configured to execute a power computation process for computing power
in each region and total light emission power based on the light emission brightness data of each light
emitting element in each region; and
a power limiter circuit configured to execute a power limit process for limiting power in each region so
that the total light emission power is equal to the predetermined allowable power or less if the computed
total light emission power exceeds the predetermined allowable power.

18. The display device according to claim 17, wherein the power limiter circuit computes a limit ratio that is a percentage
of the allowable power in the total light emission power and multiplies the power in each region by the limit ratio to
limit the power in each region.

19. The display device according to claim 18, wherein:

each light emitting unit includes a plurality of light emitting elements emitting light of different colors;
the power computation circuit computes a power amount of each light emission color and computes the total
light emission power based on total of the power amounts of each light emission color; and
the power limiter circuit multiplies the light emission power of each light emission color by the same limit ratio
to limit the power in each region.

20. The display device according to any one of claims 17 to 19, wherein the power computation process and the power
limit process are executed at a final stage in the light emission control processes by the light emitting element control
circuit.

21. The display device according to any one of claims 17 to 20, wherein the region driving circuit determines the light
emission brightness data of each light emitting element based on a maximum value of image data on the display
panel corresponding to the region.

22. The display device according to any one of claims 17 to 21, wherein:

the light emitting element is controlled to have certain light emission brightness by a PWM signal;
the light emission brightness data includes PWM generation data for generating the PWM signal; and
the power computation process and the power limit process are executed based on a PWM value based on the
PWM generation data, wherein the light emitting element control circuit further includes a PWM signal generation
circuit configured to generate a PWM signal having the PWM value that is limited by the power limit process.
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23. The display device according to any one of claims 17 to 22, wherein the display panel is a liquid crystal panel.

24. A television receiver comprising the display device according to any one of claims 17 to 23.
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